ammonium chloride were not associated with a rapid transfer of chloride. This was what they had been primarily concerned with.
So far as the effect of giving oxygen was concerned, he thought there was universal agreement amongst those who used sheep that the oxygen tension of the feetal blood could be raised under a wide variety of conditions, including an active uterus and partial placental separation, as judged by measurement of umbilical samples on giving the mother high oxygen mixtures. Caldeyro-Barcia (1966) had reported that under circumstances where he was getting foetal bradycardia during human labour attributed to asphyxia, if he then gave the mother oxygen instead of air to breathe, the dips in heart rate were reduced in magnitude and were very often eliminated. He had since done measurements on scalp blood samples which tended to support his view that there was some beneficial effect from oxygen.
Even if results showed that the oxygen content of scalp blood samples was unchanged, Dr Dawes felt it would still be worth while giving oxygen to the mother. The reason for this was that measurements of oxygen tension were not necessarily the best measure of what was going on in the foetus. If the oxygen consumption of the foetus was already reduced as a result of labour and partial asphyxia, then to put the foetus into a position where it could obtain more oxygen through the umbilical venous blood would not necessarily increase the Po2 of umbilical arterial blood, because ofthe course of the foetal circulation.
From the practical point of view administration of 0 might be worth while if given in the five or ten minutes before a Caesarean section for foetal distress. J. exp. Physiol. 42, 163 Dr W M 0 Moore (University of Manchester) said he would like to support Dr Dawes' contention regarding oxygen. He suggested that what mattered was that oxygen crossed the placental membrane by diffusion as long as the oxygen tension on the maternal side was higher than that on the foetal side. This depended primarily on maternal respiration. There were studies in man, confirming those in animals mentioned by Dr Dawes, which showed that the oxygen tension in the umbilical vessels was raised by the administration of high oxygen mixtures. While oxygen inhalation would raise the oxygen pressure and saturations in uterine and umbilical vessels, this did not necessarily lead to a significant increase in umbilical blood flow. However, Battaglia and his associates (1968) had found a statistically significant increase in foetal oxygen uptake in some cases where the maternal animals, under 'steady state' conditions, breathed oxygen instead of air. The human foetus, normally protected from the maternal external environment, is now threatened by the bold probings of his more mature relative, adult man. Even so, our knowledge concerning the dynamics of development and our understanding of physiological mechanisms is yet at an embryonic stage.
REFERENCE
In the subsequent discussion consideration will be given to the major metabolic fuels, glucose and fatty acids, in the light of newer information on hormonal control mechanisms. In particular, the role of foetal insulin will be emphasized. In view of species differences in metabolism, consideration will be given only to data on man.
Glucose is considered the major source for foetal energy in most mammalian species. In man, this concept is dependent upon the identification of glucose in the circulating plasma, on finding glycogen in a variety of tissues, and on indirect measurement of the respiratory quotient. At term, a concentration gradient across the placenta from maternal artery to umbilical vein ofabout 10-20 % has been repeatedly observed. The feetal gradient from umbilical vein to umbilical artery is more difficult to assess because of circulatory changes in the foetus as discussed by Dawes (1968) previously. have suggested that this small A-V placental gradient is not representative of the in utero pre-term foetus and have indicated that the foetal glucose concentration may be approximately half that in the maternal circulation. Examination of foetal plasma at abdominal hysterotomy does not confirm this hypothesis in that no large maternalfeetal glucose gradient is found at 15 weeks gestation ( Fig IA) . Although no definitive studies of glucose transfer with labelled substrate have been performed in man, the hypothesis of Widdas (1961) of a facilitated transfer of glucose is tenable. The extent to which glucose meets the total energy requirements of the growing human foetus remains unknown. That it may be adequate at least may be surmised from the concentration of circulating glucose and the presence of glycogen in a variety of tissues. Villee (1954) has found measurable glycogen in several tissues, including liver, kidney, lung, brain and diaphragm by 9-10 weeks gestation. Shelley reported on the increases in liver glycogen that occur at the end of gestation. It is apparent from these observations that the biosynthetic pathway for glycogen synthesis is present in man as early as 10 weeks gestation. Whether the degradative mechanisms are also present is not known. Adipose tissue has been identified histologically in the human faetus at the fourth month of gestation. Fat has been determined as an element of body composition both directly by chemical analysis and indirectly from total body water in pre-term infants. Fee & Weil (1963) found approximately 2% body fat at 11-18 weeks gestation; however, by 33 weeks this increased to 8 %. Term infants have been found to have 16% fat by direct analysis (Widdowson & Spray 1951) . No data are available on plasma free fatty acids (FFA) prior to delivery. Normal infants have very low plasma free fatty acids in umbilical vein and artery samples at the moment of birth; even though maternal concentrations are three or four times this level. The origin of plasma free fatty acids in the foetus has not been definitively studied. Available data in other species indicate that placental transport of free fatty acids is limited.
Analysis of free fatty acids in adipose tissue and in plasma of term infants and their mothers may provide indirect evidence of fat metabolism in the feetus. The following observations were made by Dr Katherine King in our department (King, Adam, Laskowski & Schwartz 1968, personal communication) . Maternal fat which is dependent upon both dietary fat and synthesis of fatty acids is similar to that for nonpregnant adults (Fig 2A) .
The major long-chain fatty acid found is C18:1 oleic acid. In contrast, the fat of a newborn infant has quite a different long-chain free fatty acid pattern ( Fig 2B) . Note that C16:0 palmitic acid is the largest component. When the composition of maternal and foetal plasma FFA patterns are compared, differences are immediately apparent for both with reference to their fat composition ( Fig 3A, B) . The maternal plasma would reflect maternal adipose tissue only if prolonged starvation were present. In a normal recently fed subject, plasma FFA reflects both dietary origin and lipolysis. In the infant, the plasma FFA could derive from the mother transplacentally or from adipose tissue release. Since the foetal plasma FFA pattern differs significantly from that of maternal plasma, free and rapid placental exchange is unlikely (Fig 3c) . However, since foetal plasma composition also differs from foetal fat composition, a single origin from the latter is unlikely. The essential fatty acid, C18:2 hinoleic acid, is also found in both feetal fat and foetal plasma indicating that some placental transfer of fatty acid must occur. It is unlikely that a major source of feetal fat is from direct maternal transfer. The high concentration of palmitic acid which is the important fatty acid link from glucose synthesis may be interpreted to indicate that synthesis of fatty acids is the most important source. If so, the nature of the biosynthetic enzymatic mechanisms must be evaluated further in the developing human foetus. Whether the human foetus derives any energy from fatty acid metabolism is unknown. Until the concentrations of free fatty acids in foetal plasma are known, and their turnover and metabolism studied, one can only speculate as to their physiological importance. Indirect RQ measurements of the foetus suggest that fat is not a significant energy source. Since insulin is the major anabolic hormone which is concerned with glucose, fatty acid and amino acid transport, a review of its role in controlling foetal metabolism is pertinent. The human fcetal pancreas has been studied more extensively from an anatomic-histological point of view in the past decade. Robb (1961) has reported on 37 foetuses from 10 weeks to term. She described five stages in the development of the islet of Langerhans, beginning with budding at approximately 10-14 weeks gestation. She identified alpha and beta cells in a 28 g foetus. (Adam et al. 1968 ) were able to conduct some physiological studies of maternal-foetal insulin metabolism in the summer of 1967. We clearly identified immuno-insulin in foetal plasma at 12-16 weeks gestation ( Fig IB, Table 1 ). The level of insulin was the same in the foetus as in the mother who had been fasted for 12-16 hours.
The earliest stage at which we determined foetal plasma insulin was 12 weeks of gestation.
The origin of foetal plasma insulin raises questions regarding maternalto-foetal transfer, of placental metabolism and of foetal metabolism of this protein hormone. To answer the former query, we infused human insulin labelled with radioiodine for 41 hours in women undergoing sterilization and legalized therapeutic abortion. Because of the rapid turnover and degradative metabolism of insulin, we infused for this long period of 270 minutes in order to achieve a steady state of insulin radioactivity in the maternal circulation. We did not identify transfer of radiohuman insulin from mother to foetus by sensitive immunochemical radiobiological techniques in any of the 7 individuals studied.
Previously, Buse et al. (1962) reported no transfer of bovine insulin at term in the human, but Gitlin et al. (1965) reported some transfer of human insulin also at term. Neither investigator used immunochemical techniques. Josimovich & Knobil (1961) have observed some insulin transfer in the primate. Freinkel & Goodner (1960) have found the human placenta to have very active degradative systems for insulin metabolism which could deter transfer. Definitive studies on maternal-to-foetal transfer of insulin in man remains to be done at other stages of gestation. The available data indicate that it is unlikely that physiologically significant maternal insulin reaches the feetus, if any at all does so.
Since the feetus appears independent of the mother as regards its insulin, the regulatory mechanisms for feetal insulin control should be 1233 (I.., 10 examined. A major stimulus to insulin release in the adult is glucose, whether ingested or administered intravenously. Since foetal gut glucose could only be derived via amniotic fluid, whose glucose concentration is considerably less than that in the circulation, the effect of gut hormone factors need not be considered. The placental transfer of glucose has already been described. As noted above, at 14-20 weeks gestation we found no significant gradient for plasma glucose (comparing maternal vein and foetal umbilical vein); however, since maternal arterial concentration was not measured, a small (MA-Fu) gradient was probably present under the fasting conditions of the study. Insulin in the foetus was similar to that in the mother and had no obvious direct relationship to fasting glucose concentration ( Fig IA, B , Table 1 ). Of significance may be the observation of detectable foetal insulin levels at glucose concentrations below 60 mg/100 ml. Spellacy et al. (1964) have reported umbilical vein insulin levels in the term infant. Feetal insulin did not correlate with either maternal insulin or maternal glucose. A critical examination of the latter, however, has not been made. Our observations of foetal insulin at term in random normal women is similar to that of Spellacy et al.; however, the effects of hyperglycxemia have not been studied by ourselves as yet. Of interest in passing is the decline in plasma insulin and glucose in the neonate in the first two hours after delivery. Milner & Hales (1965) have administered a single bolus of glucose intravenously to pregnant women at various times prior to delivery of the foetus. Their data suggested that the beta cell at term is relatively insensitive to hyperglycxmia, so that significant hyperinsulinemia is not observed until 20-60 minutes after injection of the glucose. At the earlier stage of pregnancy, the injection of glucose directly to the foetus of 14-18 weeks gestation did not result in an elevation of foetal plasma insulin studied 10-15 minutes after injection (Table 1) . Operative manipulation resulting in compromise of the foetal circulation may in part account for these observations. In a single observation, we recently infused large amounts of glucose to a pregnant woman at 18 weeks gestation so that hyperglycaemia of 200-500 mg/100 ml was sustained for 30 minutes (Fig 4) . At delivery of the foetus, the maternal plasma was tenfold that of fasting values, while the foetus was only at the upper limit of the normal range for fasting values. These meagre -preliminary data suggest that the foetal pancreas has a relative inability to respond to blood glucose alterations rapidly. Since glycogen and fat synthesis have been demonstrated to respond to insulin control, one wonders how important foetal insulin output is in this regard. Is the presence of a relatively stable circulating insulin level sufficient for normal growth and anabolic activities? Furthermore, at what state of development is insulin an important controlling hormone? Does the foetus prior to 10 weeks depend on maternal insulin or is it independent in that its biosynthetic processes are primarily nonhormonally controlled? How does hormonal control become effective and important to the development of the human foetus? These are some of the questions which remain to be answered for many mammalian species, including man.
Summary
The major metabolic fuel of the human foetus appears to be glucose derived transplacentally. The physiological significance of fatty acids derived primarily by synthesis from glucose is unknown for the foetus. The role of insulin in controlling foetal metabolism has been considered. The origin of plasma insulin in the foetus appears not to be derived from the mother.
Autonomy of insulin secretion of the foetal human pancreas has been postulated. Foetal metabolism may be more dependent upon placental substrate controls than upon foetal hormone control. (1966) which led them to suggest that the normal blood glucose level of the foetus in utero might be as low as half that in the mother.
Her experiments differed in two important respects from those of Dr Schwartz. Firstly, Dr Schwartz's human fortal blood samples were taken from the umbilical vein, whereas in the animal work samples were taken from an umbilical artery or from a femoral artery or the severed neck vessels of the fcetus. If the human samples had been taken from the same sites as those from the animals, Dr Schwartz would probably have found a bigger difference between the maternal and foetal values, for the blood glucose concentration in the umbilical artery of the normal unasphyxiated, human foetus was probably about 10 mg/100 ml below that in the umbilical vein (Stembera & Hodr 1966) .
Secondly, the animals were either under general anesthesia or they were killed and sampled immediately after removal from their cages. Great care was taken to avoid exciting the mother, and all data where there was evidence to suggest foetal hypoxia were rejected. These precautions were taken to avoid increased mobilization of fcetal liver glycogen which would lead to a rise in the foetal blood glucose level. It was well established that this could occur during foetal hypoxia (Dawes & Shelley 1968) , and it was possible that, if the mother were excited and her plasma catecholamine level rose, the foetus might become hypoxxmic. Altematively, foetal liver phosphorylase activity might be stimulated by direct transfer of maternal catecholamines across the placenta, though there was as yet no indisputable evidence that such transfer occurred. Dr Shelley's data, referred to by Dr Schwartz, suggested that during the last trimester the human feetus had large reserves of liver glycogen, and Villee's data from human abortions (Villee 1954) suggested that it began to accumulate as early as 12-15 weeks' gestation. Glucose-6-phosphatase activity was also present in human liver at an early stage of gestation (Cori & Schulman 1954 , Auricchio & Rigillo 1960 and it was probable that the human foetus could already mobilize its liver glycogen even at the early age investigated by Dr Schwartz. It was difficult to see how to avoid all excitement in a mother awaiting Caesarean section, even with sedation, which made it almost impossible to obtain human data exactly comparable to animal data.
A third point arose from these considerations. It was possible, if the foetal blood glucose in Dr Schwartz's experiments had already been raised by physiological means before he administered glucose to the mother, that this might have already caused a release of faetal insulin. Dr Schwartz replied that it was apparent that when dealing with the human subject one did not always have the same kind of control as in dealing with other species. On the other hand, there were signicant differences in the metabolism of the human as compared with other species.
As for the question of exciting the patients, since Dr Schwartz spoke only English and the patients understood only Finnish he had no way of judging whether or not anxiety was being produced in them. He was unable even to understand what their obstetrician was saying to them. If anxiety had been raised it was at least not sufficient, except in one instance, to raise the mother's blood glucose level. It should be remembered that the blood glucose levels in these pregnant women had not been very high, being about the level that would be found in a normal person following a 12-14 hour fast. While there was no evidence that phosphorylase activity was stimulated through catecholamine release, it would be surprising if this could not be substantiated.
As far as the maternal-feetal gradient was concerned, Dr Schwartz believed that there was a small matemalfeetal glucose gradient; otherwise, he asked, how would the feetus get its glucose? He did not believe. there were any data available on man to substantiate the hypothesis that the gradient was a very large one. The true picture was probably somewhere between the two hypotheses, and that was as far as the matter could yet be taken.
Dr R D G Milner (Sidney Sussex College, Cambridge) said that while agreeing with Dr Schwartz's comments about the sluggishnessif that was the best termof human foetal and neonatal insulin secretion in response to glucose, he would not like it to be thought that the human neonatal beta cell responded to all stimuli in exactly the same way. Intravenous glucagon had been shown in the normal human newborn to double the plasma-insulin levels within two minutes. The beta cell was certainly responsive to appropriate stimuli and it remained to be seen what these were.
In attempting to tackle this problem in more direct ways, which could not be done with the human, Dr Milner said he had tumed to the development of the rabbit feetal pancreas and had studied insulin secretion by measuring from pieces of pancreas incubated in vitro. Full gestation in the rabbit was 30 days and the earliest time in faetal life at which he had been able to study insulin secretion was 24 days. At this time the islets of Langerhans were primitive and the beta cells were not granulated. However, they responded to a variety of stimuli at this time, including glucose, glucagon, leucine, ouabain and potassium. Without going into details of the different patterns of response he thought it might be important that feetal beta cells responded to amino acids, thus invoking an anabolic role for insulin in fcetal development. It might be that in this way the pancreas played an important regulatory mechanism in development.
Dr Schwartz, replying, said he thought the work both fascinating and important and that their studies would dovetail at some point. What happened to a piece of pancreas in an isolated system in terms of its responsiveness and what happened to the intact organ from a physiological point of view would have to be correlated.
He added that at the recent Federation Meetings in Atlantic City, Dr R F Willes & Dr J M Boda (1968, Fed. Proc. 27, 496) had reported on chronically cannulated ovine foetuses (100-146 days gestation). Faetal plasma insulin concentrations, as assessed by radioimmunoassay, did not change in response to foetal glucose or fructose challenges. Dr Milner had stated that a group from St Mary's Hospital had made comparable studies and perhaps a report could be made.
Dr H G Britton (St Mary's Hospital Medical School, London), speaking for the group at St Mary's Hospital Medical School, said observations had been made on exteriorized feetal sheep with the mother under spinal anesthesia. These studies had shown that the placenta was effectively impermeable to insulin. Immunologically assayable insulin, however, was found in the foetal blood from the earliest age examined (42 days). It was presumably derived from the fcetal pancreas since this tissue was shown to be rich in the hormone. Intravenous glucose given to the younger foetuses produced only a very small and doubtful rise in insulin after a long delay but in the older fcetuses there was a marked rise although the peak of the response was still delayed. Intravenous fructose was without effect on the insulin concentrations. They did not know the reason for the difference between their results and those of the American workers but their findings suggested that the picture in the sheep might be similar to that in the human.
In the opening paper on the evolution of viviparity Professor Amoroso discussed some of the adaptive mechanisms which had been developed for protecting the foetus during a prolonged period of gestation. One of these was parental protection; this aspect of the problem will now be considered in relationship to the breakdown in maternal protection and infections. In doing so, the meaning of the word 'breakdown' will be interpreted liberally and construed as meaning an absence or a defect in maternal protection.
During intrauterine life the conceptus may be exposed to a number of intrinsic and extrinsic factors which may affect its subsequent development. The extrinsic or environmental factors causing foetal damage fall into three main categories. First, there are physical agents such as ionizing radiation; secondly, chemical agents of which thalidomide is a well-known example, and thirdly, biological agents which include a wide variety of infectious agents. The extent of foetal damage which can be directly attributed to infections and other environmental factors is difficult to assess, but it is comparatively small compared with other forms of reproductive failure. The effects, however, can be very severe, as has been seen in the thalidomide disaster in 1964 and the 1964-5 epidemic of congenital rubella in the USA. Environmental factors are also important for another reason. Whenever such an agent can be incriminated as a direct cause of feetal damage, it can be more readily withheld or otherwise controlled. This has already been accomplished with ionizing radiation and thalidomide and there is good reason for believing that protection of the foetus against an infection such as rubella can be mediated through the immunological defences of the mother.
Infectious Agents Causing Faetal Damage
The infectious agents which may lead to foetal infection and thence to foetal damage are shown in Table 1 . These comprise protozoa, bacteria and viruses. Mycoplasma are included although data on them are at present limited. The relative importance of these agents in relation to foetal infection depends on a number of factors some of which are still not well understood. Of special importance, however, are the portal of entry, the mode of spread of infection in the mother and to the foetus and the pathogenicity of the organism.
